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The product-ion spectra of the sodiated molecules of glycerol phosphatidylcholine phospho-
lipids (GPC) were obtained, using fast-atom bombardment (FAB) as the ionization method, in
a tandem mass spectrometer. The product-ion spectra of these sodiated molecules of GPCs
were found to differ significantly from those of the protonated GPC molecules. This difference
is due to the absence of the ion of m/z 184 (protonated-phosphocholine moiety) and to the
presence of an ion resulting from the loss of trimethylamine (m 5 59 Da) from the polar head
group, which is the dominant fragmentation. This characteristic neutral loss provides a means
of identification of this class of phospholipids and of differentiation from other phospholipid
classes in complex mixtures by performing a constant-neutral-loss scan of 59. (J Am Soc Mass
Spectrom 1998, 9, 1189–1195) © 1998 American Society for Mass Spectrometry
Membrane phospholipids are a complex mix-ture of molecular species containing a varietyof fatty acyl and head group compositions.
Glycerol phospholipids are the major lipid compo-
nents of biological membranes. All the glycerol-
phosphate-based lipids found in the eubacteria and
in eukaryotic organisms are formally derived from
sn-glycerol-3-phosphate [1]. In this work we have
studied diacylglycerol phospholipids with choline
linked to the diacylglycerophospho-moiety [e.g.,
glycerol phosphatidylcholine (GPC)].
The development of fast-atom bombardment (FAB)
ionization allowed the direct analysis of underivatized
glycerol phosphatidylcholine [2–6]. The most abundant
positive ion in the FAB mass spectra of GPC phospho-
lipids is characteristic of this class of lipids and is the
fragment ion of m/z 184 (protonated phosphocholine
moiety), formed by a rearrangement from the proton-
ated molecule [M1H]1 [7]. At the high mass range, the
most abundant ion corresponds to the protonated mol-
ecule [8]. Other ions generally observed correspond to a
loss of a ketenelike structure from each of the two fatty
acyl groups [7]. While collision-induced dissociation
(CID) of negative ions from GPC lipids yields abundant
fragmentation [7, 9], CID of the [M1H]1 ion shows,
basically, a single decomposition product at m/z 184
[10]. This characteristic decomposition has been used as
a diagnostic tool for glycerol phosphatidylcholine lipids
[5]. The study of cationized molecules produced by FAB
has not been done. However, Han and Gross [11, 12]
already studied the fragmentation pathways of sodi-
ated phosphocholines produced by electrospray ioniza-
tion (ESI).
Constant-neutral-loss scanning of polar head func-
tional groups has been shown to be very useful for the
detection and differentiation of other phospholipid
classes in complex matrices and mixtures [5, 13]. In this
paper, we present and discuss the loss of the mass-
invariant polar head group (trimethylamine) from so-
diated glycerol phosphatidylcholine lipids [M1Na]1
using FAB, and show that this feature can be used for
the identification of this class of phospholipids.
Experimental
Chemicals
In this work, we used L-a-phosphatidylcholine,
b-arachidonyl-g-palmitoyl (GPC-16:0/20:0), L-a-phos-
phatidylcholine, diarachidonyl (GPC-20:0/20:0), DL-a-
phosphatidylcholine, dipalmitoyl (GPC-16:0/16:0), L-a-
phosphatidylcholine, b-linleonyl-g-palmitoyl (GPC-16:
0/18:2), and a mixture of phosphatidylcholines from
egg yolk as standard compounds. All glycerol phos-
phatidylcholine were obtained from Sigma (St. Louis,
MO) and used without further purification.
Mass Spectrometry
Approximately 0.1 mg of phospholipid in a chloroform
solution and 1 mL of a saturated methanolic solution of
NaCl or a saturated methanolic solution of sodium
acetate (NaOAc) [14] were mixed with a drop of NBA
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matrix on the FAB probe tip. FAB mass spectra and
tandem mass spectra were acquired with a VG Auto-
SpecQ (VG Analytical Manchester, UK). The instrument
is of EBEqQ geometry and was equipped with a cesium
ion gun. The applied accelerating voltage was 8 kV and
the cesium-beam intensity was 3 mA at 20 kV. This
instrument was used in this work as a EBE instrument.
Tandem mass spectra were acquired by selecting the
desired ion with the electron bombardment (EB) section
of the mass spectrometer, and colliding the selected ion
at 8 kV in the collision cell with sufficient argon gas to
reduce the selected ion beam intensity by approxi-
mately 50%. The resulting product ions were deter-
mined by a scan of the second electric sector. Constant-
neutral-loss scans (CNL) were obtained by maintaining
a constant B2(1 2 E)/E2. Parent spectra were obtained
by a linked scan of B2/E. Data acquisition was carried
out with a VG OPUS 2.1C data system and interfaced to
the mass spectrometer by a VG SIOS unit.
Results and Discussion
The abundance of the sodiated molecular species of
GPCs varies approximately between 50% and 100% of
the protonated species upon FAB desorption, when
using matrix spiking with NaCl. Matrix spiking with
sodium acetate produced better results, giving practi-
cally only sodium adducts for almost all the samples.
However, as it was expected, some degree of ion-signal
suppression was observed [5, 13], especially when so-
dium acetate was used. Figure 1 shows the mass
spectrum of positive ions of GPC-16:0/18:2 acquired
using matrix spiking with NaCl. In this spectrum, the
most prominent ion is of m/z 184. The relative abun-
dance (RA) of the protonated species is not very differ-
ent from the RA of the cationized species. Other high-
mass ions are observed, but their relative abundance is
not significant. However, we were able to identify the
sodiated fragment formed by the loss of trimethylamine
(of m/z 721.4), which has a small relative abundance.
Most of the time, due to ion signal suppression, this
fragment is not seen when we use sodium acetate for
matrix spiking. Although a similar loss, with formation
of the ion [M1NH4 2 N(CH3)3]
1, has been observed in
the ammonia chemical ionization mass spectrum of
intact diacyl phosphatidylcholine [15], it should be
noted that the loss of trimethylamine from the sodiated
molecular species was first reported by Weintraub et al.
[16], on platelet-activating factor (PAF) analyzed by
electrospray-ionization mass spectrometry (ESI-MS),
when the capillary exit voltage was increased. Han and
Gross [11], in EST-MS/MS studies of sodiated phospho-
cholines, reported that the most abundant product ion
corresponds to the loss of trimethylamine.
A significant feature of the collisionally activated
spectra of the sodiated molecules is that they show a
major fragmentation that corresponds to a neutral loss
of 59 Da [M1Na 2 59]1, as can be seen in the CID
spectrum of the sodiated molecule of GPC-16:0/18:2
(Figure 2). This pattern of fragmentation is very differ-
Figure 1. Positive mass spectrum of GPC-16:0/18:2 obtained using matrix spiking with NaCl. The
RA of the protonated species is similar to the RA of the cationized species. The sodiated fragment of
m/z 721.4 corresponds to the loss of trimethylamine.
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ent from the pattern produced by collisional activation
of the [M1H]1 ion that shows, basically, a single
decomposition product ion at m/z 184 [7]. The reason
for this dramatic change in the fragmentation pattern
seems to be related with the cationization, because this
ion (of m/z 184) is not observed in the CID mass
spectra of the sodiated molecules. One must conclude
that different fragmentation pathways predominate for
the [M1Na]1 ions when compared to the [M1H]1 ions.
Cole and Enke [5] noted that phosphatidylcholine
(PC) fragments so that the head group usually retains
the charge or is lost as a sodium adduct, which causes
difficulties in spectral interpretation. They concluded
that, while the neutral loss scan of the polar head group
does work for PC, a greater sensitivity is obtained
through the use of a parent scan of the head group ion.
In our case the observation of the loss of the trimethyl-
amine portion of the polar head group allowed us to
perform a different CNL scan [maintaining a constant
B2(1 2 E)/E2] for the identification of this class of
phospholipids.
In Figure 3, we show the CNL scan of 59 Da
performed on a sample of GPC-16:0/18:2 spiked with
NaCl. Major ions at the high mass-to-charge ratio range
are the [M1Na]1 ion and the ions formed by the loss of
the fatty acids in the sn-1 and sn-2 positions. A mech-
anism for the formation of these ions, similar to the
mechanism proposed for the loss of free carboxylic
acids from the [M 2 15]2 ions [17], is proposed in
Figure 4. In the low mass-to-charge ratio range, the ion
with the higher relative abundance is that of m/z 184,
which is the most abundant ion in the CNL spectrum.
This is due to the fact that the most prominent ion in the
CID spectrum of the ion of m/z 184 is the ion of m/z
125, formed by a neutral loss of 59 Da (data not shown).
As expected, we did not observe the [M1H]1 ions in
the CNL spectra, their absence simplifying the identifi-
cation of this class of phospholipids. In the molecular-
ion region of the same spectra, it is also possible to
observe small peaks that correspond to the phospho-
lipid cationized with potassium [M1K]1. Although
these ions are of very low abundance, they can cause
problems in some complex mixtures, because, for ex-
ample, the ions [20:0/20:01Na]1 and [20:4/20:41K]1
both give m/z 868 ions. Thus, careful observation of the
mass spectra of complex mixtures is necessary for the
analysis of the CNL spectra. For the other samples
included in this study, the results are similar to those
described above. It should be noted that these neutral
loss scans discriminate against the appearance of peaks
representing protonated molecules, thus providing
cleaner spectra.
To test this neutral loss scan for the identification of
the components of a mixture of phospholipids in a
natural sample, we performed an assay using a com-
mercial mixture of GPC phospholipids. In Figure 5a, we
show the molecular ion region of a CNL scan of the
59-Da spectrum of this sample spiked with NaOAc. As
can be seen, tentative assignment of several GPCs,
including a series of phospholipids with the same
substituents but with a different degree of insaturation,
Figure 2. CID spectrum of the sodiated molecule of GPC-16:0/18:2. The main fragmentation
corresponds to a neutral loss of 59 Da.
1191J Am Soc Mass Spectrom 1998, 9, 1189–1195 CNL FOR THE CHARACTERIZATION OF GPC
is possible. The usefulness of this method, when using
sector instruments similar to ours, is apparent when we
compare the results obtained with those obtained by the
parent-ion, linked-scan technique. Figure 5c shows such
a scan of the m/z 184 ion of the same sample. The
low-resolution characteristic of this linked scan makes it
very difficult to assign individual phospholipids. Com-
paring the information that can be obtained from both
spectra, it can be readily seen that using a CNL scan of
59 Da we are able, at least in a low-resolution experi-
ment, to gather much more information. Figure 5e
shows the mass spectrum of the same sample, without
sodium matrix spiking. One of the disadvantages in the
analysis of the positive-ion spectra of phospholipids is
Figure 3. CNL scan of 59 Da performed on a sample of GPC-16:0/18:2 using a matrix spiked with
NaCl.
Figure 4. Proposed mechanism for the ions formed by the loss of fatty acids in the sn-1 and sn-2
positions.
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Figure 5. (Figure continued on next page)
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the presence of alkali cations because cationization
produces some degree of ion suppression [5, 13]. It is
also true that alkali cations of phospholipids do not as
easily undergo fragmentation of the polar head [13]. We
have investigated, comparing with the precursor scan,
the sensitivity of the method. Figure 5b and d show,
respectively, the CNL and the precursor spectra, ac-
quired using 1 mg of the mixture sample. As can be
seen, the CNL scan shows, under the experimental
conditions, the same sensitivity as the precursor-ion
scan.
We must conclude that for GPC phospholipids,
contrary to the other classes of phospholipids [13], the
best results for CNL scanning in the positive mode are
obtained with samples contaminated with salts. This is
advantageous, because removal of salts from small
amounts of phospholipid samples can be very difficult.
In these cases, most of the times, spiking of the sample
with NaOAc will not be necessary, because the theoret-
ical improvement of the spectra achieved by the in-
creasing number of cationized molecules is limited by
the ion suppression effect. Another advantage of this
technique is that, because it discriminates against pro-
tonated molecules, mass spectral interpretation be-
comes easier. These results also show that, with com-
plex phospholipid samples, CNL scan of 59 Da allows
the identification of individual compounds of this class
of phospholipids in a natural mixture. These features
are marked improvements over those from a parent
scan of the m/z 184 ion.
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